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© Efficient multi-users timer. 



© A system for providing a plurality of timers to 
perform the timing of event occurrences wherein to 
each event corresponds a timer control block (210) 
which stores in its time_Jlag (Tf) the indication of 
whether the timer control block is chained or un- 
chained, running or stop, in its time__out (Tv) the 
expiration time interval and in its time-stamp (Ts) the 
current time as a reference at each interruption for 
further treatments. The timer control blocks are 
chained by a one-way link (250) according to their 
expiration times in a way that each timer chain 
comprises the timer control blocks whose events will 
t— occur at the same time. A cyclic table (202) of index 
^ enables to classify the timer chains according to 
qq their expiration times, each one being pointed by an 
CO index. When a START operation is requested for an 

I*** event which has to occur in a time out value, an 

CO index is computed according to the Tv and the 
00 current time in order to insert its corresponding timer 
^ control block at the head of the timer chain pointed 
O bv said ^dex, said timer control block storing the 

Q. 
LU 



state of CHAINED-RUNNING in its time-flag and the 

current time in its time stamp, if the timer control 

block is already chained, then updating only the 
timer_stamp to the current time and the time_flag 
to running because it has previously been stopped 
by the user. Whenever a RESTART operation is 
requested for . an event before it has occurred, the 

time stamp of the corresponding timer control 

block is updated to the value of the current time. 
Whenever a STOP operation is requested before the 
event has occurred, its time_flag is updated to 
"STOP". 

Meanwhile the time stamps and the time flags 

are updated according to the START, STOP and 
RESTART operations, the current index of the cyclic 

table is incremented at each time tick to delete the 

timer control blocks of the chain whose events have 

occurred or whose time out values have expired, 

and to insert new timer control blocks in the new 
timer chain for those which have been interrupted 
and whose events have not occurred yet. 
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Field of the invention 

The present invention relates to a method and 
a device implemented in a data processing sys- 
tems wherein a plurality of users need to watch 

whether events occur before time out delays 

elapse, and more particularly to such a method and 
a device to be implemented In a communication 
system, wherein users exchange messages, for 

notifying the users that predetermined time out 

delays assigned to events have elapsed. 

Background art 

A timer is a device which can be set to furnish 
an interrupt or a timeout indication, at a specific 
time instant or after a selected time interval. Timers 
are required in communication systems in which 
protocols need that a very large number of simulta- 
neously occurring tasks or events be supervised to 
detect whether they occurred within predetermined 
delays. A START operation is sent by the user to 
start the timer in order to supervise a correspond- 
ing event. When the supervision of an event has to 
be interrupted for different reasons, a STOP opera- 
tion is generated by the corresponding user. After 
a while, the supervision of the corresponding event 
may be requested to start once again, then a 
START operation is generated by the user. While 
the timer associated to an event is still running, the 
user may request a RESTART operation in order to 
delay the timing of the corresponding event. 

In communication systems, because the trans- 
mission time of messages between users is very 
short, thousands of START, RESTART and STOP 
operations are generated at nearly the same time 
by the users for supervising many events. In that 
environment, these operations need to be per- 
formed very efficiently in order not to impair the 
performance of the communication systems. 

Timer arrangements generally comprise a tim- 
er control block (TCB) associated to each event the 
time-out delay of which is controlled. These TCB 
are managed (i.e. chained, updated or removed 
from a chain under control of a program. Figure 1- 
A represents a simple chain structure of the TCB 
which are doubly linked in order to make easier the 
deletions and the insertions of TCBs in the TCB 
chains: each new TCB is simply added to the end 
of the chain in response to a START operation and 
the timer which has to be deleted in. response to a 
STOP operation is easily removed from the chain 
thanks to the double links. That simple structure is 
not adapted to control a large number of outstand- 
ing events because at every time increment 

(time tick), it is necessary to scan the entire chain 

to detect if the time out delay of each event has 

elapsed. 



This scan on each timer tick can be avoided by 
chaining the TCB in the order of which the cor- 
responding events are awaited. Figure 1-B shows 
the implementation of an ordered list TCB chain 

s structure whose performance is higher than the 
previous one's. In the subject mechanism, a new 
TCB is inserted in the correct point of the chain. 
This operation is facilitated by the fact that the TCB 
are doubly linked, however, it is done at the cost of 

10 introducing a chain scan every time the supervision 
of a new event is needed. This implementation is 
possible when the system does not require several 
thousands of timer control blocks. 

The EP application A1 355 243 discloses a 

rs timer device which enables, in a multiple timer 
arrangement, simple setting and cancelling of tim- 
ers where, to each timer correspond a timeout 
value and a timer tag. A specific time scale register 
and a clock divider are provided so that the resolu- 

20 tion of the timer is easily selectable. To allow 
existence of several timers expiring at the same 
time, a special timer service with chainable timer 
control block is provided in order to delete all a 
chain of timers which expire at the same time. A 

25 drawback of this device is that it is not adapted to 
an environment where the START, RESTART and 
STOP operations may occur one after the other 
almost simultaneously before the timeout occur, 
which will therefore complicate the updating of the 

30 timeout which has to be added to the current 
contents of the cyclic counter to generate a new 
address at which the timer tag is stored thus estab- 
lishing a new timer. 

35 Objects of the invention 

An object of the invention is to provide a meth- 
od and a device for supervising a large number of 
events in a data processing system in a very 
40 efficient and simple way using a large number of 
timers. 

It is another object of the invention to provide 
such a method and a device v/hich associate to 
each timer a timer control block, and wherein ail 
45 timer control blocks are managed in order to im- 
prove the START, RESTART and STOP operations 
of the timers. 

Summary of the invention 

so 

These objects are achieved by a method of 
controlling a plurality of timers of different users, 
each timer being associated to an event and to a 
timer control block in a data processing system 
55 wherein a user issue a START operation of a timer 
when the occurrence time of the corresponding 
event is awaited within a time out (Tv), a RE- 
START operation when the occurrence time of an 
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©vent has to be delayed, and a STOP operation 
when the event has occurred, said method being 
characterized in it thai: 

each timer control block is divided into at least a 

flag field, a time__stamp field and a time out 

value field and in that it comprises the steps of: 

* providing a cyclic means having a number N 
of storing locations which are sequentially 
addressed by an addressing means at regu- 
lar time intervals (timer_tick), 

* Jn response to a START operation issued by 
a user 

- computing, according to the current time 

and the time out value of said event, an 

address of a storing location in said cyclic 
table, 

- inserting said timer control block in a 
chain of timer control blocks associated to 
events which expire at the same time, said 
chain being pointed by a control block 
address stored at the computed address 
in the cyclic table, 

- updating and storing in the timer control 

block the flag__state field of the time flag 

to the state of "RUNNING" to indicate that 
the timer is active and the flag_chain field 
of the time-flag to the state of "CHAINED" 
if the timer control block is inserted for the 
first time in the chain, and if the timer 
control clock is already chained then the 
time__state is simply updated to the state 
of "RUNNING", 

- storing the time__out value in the timer 
control block of the corresponding event, 

- updating and storing in the timer control 
block the time stamp to the current time, 

* in response to a STOP operation updating 

the flag__state in the time flag field of the 

associated timer control block to the state of 
"STOP", 

* at each regular time interval (timer_tick), 
successively reading each timer control block 
chained to the addressed location of the 
cyclic means, and checking the state of the 
time flag field and 

- unchaining the timer control block if its 
flag_state is STOP 

- otherwise, computing the new time out 

according to the current time, the 
time_stamp and the last time__out (new 

time_out = time out + time stamp - 

time __ current) to control if the time out 

delay has elapsed and inserting the timer 
control block to a new timer control block 

chain if the value of the new time out is 

positive, or unchaining and stopping the 
timer control block if said timer control 
block is equal to 0 and notifying the user 



that the time out delay has elapsed. 

Said method is implemented in a device which 
comprises: 

- a cyclic means having a number N of storing 
5 locations which are sequentially addressed 

by an addressing means at regular time inter- 
vals (timer_jick) in order to classify the dif- 
ferent timer control blocks of the correspond- 
ing events according to their time out values 

io and the current time, and 

- a timer chain which is pointed by said ad- 
dressing means and to which are chained a 
plurality of timer control blocks associated to 
events which should occur at the same time 

rs before said START, RESTART or STOP op- 

erations interrupt the timing of said events- 
Brief description of the drawings 

20 Figures 1-A and 1-B represent the evolution of 

the timers in the prior art, from a simple timer 
chain structure to an ordered list timer chain struc- 
ture. 

Figure 2 shows the environment of the pre- 
25 ferred implementation of the present invention. 

Figure 3 shows the timer chain structure of the 
present invention. 

Figure 4-A shows an example of a RESTART 
operation flow. 

30 Figure 4-B shows an example of STOP oper- 

ations followed by START operations flow. 

Figure 5 shows the flow-chart of the INIT op- 
eration. 

Figure 6 shows the flow-chart of the START 
05 operation. 

Figure 7 shows the flow-chart of the TIM- 
ER TICK operation. 

Detailed description of the present invention 

40 

Figure 2 shows an environment wherein the 
present invention may be implemented. It com- 
prises a switching system (100) which enables to 
connect a plurality of users (106). A processor 

45 (102) controls the exchange of messaged between 
the users and according to the subject invention 
manages the timer arrangement. A memory (104) 
which contains the communication control program 
and also the data structure of the timer control 

so blocks. Each user has its own timer control block in 
the memory, it is identified by an address. The 
timer control program which enables to manage the 
timer control blocks according to the START, RE- 
START and STOP operations is also stored in the 

55 memory and is controlled by the processor. 

In order to understand figure 3, one must have 
in mind the three following notions: 
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* The current time indicated the value of the 
incrementation of the timer tick. This variable 
is reset to 0 at the initialization time. 

* The current index indicates the position of 
the index in the cyclic table corresponding to 
the current time. It is incremented at each 
timer tick. When the index reaches the end of 
the table, it is reset to 0. 

* The current chain indicates the sets of timer 
control blocks specified by the current index. 

Figure 3 shows the timer chain structure of the 
present invention. It comprises a cyclic table (202) 
having a given number of storing locations ad- 
dressed by a unique current index (200). This 
current index is incremented at regular time interval 
called tirner_Jick to specify the corresponding 
storing location which store the address of a timer 
control block to be chained to the cyclic table. 
Timer control blocks (210-a, 210-b, 210-c) may be 
chained in one-way link (250) to the cyclic table as 
will be described later on, by storing the address of 
the next timer control block in the previous TCB if 
there is one, otherwise to use a special code, for 
example 0, to indicate that it is the last block of the 
timer chain. The current index is used when adding 
a TCB to the timer chains -the chain number or the 
index of the cyclic table to which the timer block 
has to be added is relative to the current chain, not 
to the first chain. On each timer tick, the current 
index is incremented, and the chain specified by 
the new index is now the current chain. 

In addition to the conventional address fields in 
the TCB used for the chaining purpose they com- 
prises specific fields, as follows: 

DATA STRUCTURE: 

* The time-flags field (Tf) indicates the status 
of a timer control block associated to an 
event. It comprises two time flags: 

- The flag__chain: having two values 
CHAINED or UNCHAINED to indicate 
whether the timer control block is in a 
chain or not, 

- The flag_state: having two values STOP 
. or RUNNING to indicate whether the timer 

is active or not. 

• The time_yalue field (Tv) indicates the 
time__out values of the associated event Its 
range varies from: 1 second to 10 seconds. 
By time_out it is meant the time duration 
after which a user should be notified that an 
awaited event has not occurred. 

" The time-stamp field (Ts) indicates when the 
last START or RESTART operation is per- 
formed. 

The three values Tf, Tv and Ts are stored in 
the timer control blocks. 



To each timer control block corresponds an 
event which requires three kinds of information 
which are: the time__fiags, the time_value and the 
time stamp whose values are updated according 

5 to the START, RESTART or STOP operations. 

There two categories of operations which are 
performed for the management of the timer control 
blocks: the operations of START, RESTART and 
STOP that are requested by the users in order to 

to chain, unchain or update the timer control blocks, 
and the operation which is performed at regular 
time interval (at every timer_tick) which enables to 
check if the events whose timer control blocks are 
chained to that timer chain have occurred or not in 

is order to cancel the whole chain and to chain the 
new timer control blocks whose events have not 
occurred to a new timer chain. 

START, STOP AND RESTART OPERATIONS: 

20 

The START operation is used in the present 
implementation to add the timer control block asso- 
ciated to an event into a timer chain whose events 
are initially assumed to occur before the same 
25 time. It is performed as follows: 

- If the timer control block is not chained, it is 
added to a new timer chain, its time_ flag 
field (flag_chain and flag_jstate) is updated 
to the state of CHAINED RUNNING and its 

30 time_stamp field (Ts) is updated with the 

current time. 

- If the timer control block is already chained, 
then its fiag__chain is updated to the state of 
RUNNING and its time_stamp field Ts is 

35 updated with the current time. 

The STOP operation does not remove at once 
the timer control block from the chain, it does only 
specify the state of the timer. The timer control 
blocks will be removed once all the events have 
40 already occurred and once the timer control block, 
which has been updated according to the interrup- 
tions of the process while it was running, has 
expired. This allows unnecessary removal and ad- 
dition of timer control blocks from /into the chains 
45 and improve the timer control block management 
The STOP operation simply updates the 
f!ag_state of the specified timer control block to 
STOP and keeps it on the timer chain. 

The RESTART operation does not remove the 
so associated timer control block from the timer chain 
and set up a new timer event by chaining it on a 
new chain, but it does only update the timer control 
block according to the current time as long as the 
RESTART operation occurs before the STOP op- 
55 eration. 

The RESTART operation simply updates the 
time stamp to the current time. 
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FAST RESTART OPERATION 

As it is useless to unchain the timer control 
block and chain it again when the RESTART opera- 
tion is invoked before the current index reaches the 
position of the chain number to which said timer 
control block is chained, several fast RESTART 
operations for the duration of the time_out value. 
The present implementation requires only one ma- 
nipulation of the timer control block for the duration 
of the time_ out value, comparing to one manipula- 
tion at each RESTART operation in other imple- 
mentations. 

It must be acknowledged that this implementa- 
tion is particularly adapted to an environment 
where the users exchange intormation frames and 
where the transmission time of each frame is ar- 
ound 1 micro-second, and where a number of 1000 
frames are to be sent per second, this leads to 
1000 restart operations. 

It should be noticed that a START operation on 
an already active timer is implemented as an impli- 
cit RESTART operation. 

The timer flags are widely used in the START, 
STOP and RESTART to handle correctly the state 
of the timer and to reduce its manipulation (add to 
the timer chain, remove from the timer chain). 
When a timer control block is not chained, this 
implies the timer is non-active. But a nonactive 
timer control block does not imply that the timer 
control block is unchained. Therefore, the relation 
ship among the states CHAINED/UNCHAINED and 
STOP/RUNNING are as follows: 

UNCHAINED implies STOP; RUNNING implies 
CHAINED. 

And the correct combinations oi these states in 
a timer control block are: UNCHAI NED-STOP, 
CHAINED-STOP and CHAINED-RUNNING. 

OPERATION RELATED TO THE CURRENT 
CHAIN (TIMER TICK) 

One TCB chain which is the current chain, is 
processed at each timer tick, and the chain be- 
comes empty after this process. All TCBs on the 
current chain are processed as follows: 

- The timer control blocks which are marked 
STOP are simply removed from the timer 
chain. 

- The timer control blocks which are marked 
RUNNING and where the condition (cur- 
rent_time <.time_stamp + time_value) is 
true are added to a new chain. The index of 
the new chain is specified by the remaining 
duration: (time_stamp + time_value - cur- 
rent time). 



- The timer control blocks which are marked 
RUNNING and where the above condition 
condition described is false, are removed 
from the chain and the users supervising the 
; corresponding events are notified that the 

time_out delays of the events have expired. 

HIGH CAPACITY AND EFFICIENT TIMER SUP- 
PORT: 

o 

Each active timer has a time_out value which 
is translated by the timer control program to an 
index associated to the cyclic table (202). The 
index gives the chain number to which the timer 
15 control block has to be inserted. Each new timer 
control block is simply added to the head of the 
chain. This insertion is easy to perform thanks to 
the one-way link of the chain. Since the timer 
control block is always inserted to the head of the 
) chain and since all the timer control blocks of a 
chain are deleted at the same time, it is not neces- 
sary to implement a doubly link structure which 
operates slower than a one-way link. 

It can be seen that no scan is required for any 
s of these timer control blocks, neither for addition 
nor for cancellation of a timer control block, nor 
when the timer tick occurs. The cost of adding, 
cancelling and notifying the user is approximatively 
constant, regardless of the number of outstanding 
ro timer events. The number of timers is configurated 
according to the memory space allocated to the 
timer control blocks. 

Figure 4-A shows an example of a RESTART 
operation flow between a sender (301) connected 
w to its own timer and a receiver (302) also con- 
nected to its own timer. But in this example, we will 
only consider what happens on the sender side. 

A sender (401) issued a START operation at 
TO with a time_put value (Tv) when it sends a data 
4Q (0) of a message to a receiver (402). The 
time flags and the time_stamp are updated re- 
spectively to CHAINED-RUNNING and to the cur- 
rent time, Ts = TO. The associated TCB is added 
in the chain of TCBs which correspond to events 
45 which will occur before time T, where T = TO + 
Tv. At T1, the receiver sends a partial acknowl- 
edgement (2) for the reception of the data (0) and 
the data (1) whereas the sender has already sent 
the data (2), then the timer is restarted, not stop- 
so ped because the data (2) have not been acknowl- 
edged by the receiver. As it is a RESTART opera- 
tion, the tirne__stamp is updated with the current 
time, Ts is set equal to T1 in the control block. 
In this example, the timer is restarted each 
55 time the sender receives an acknowledgement be- 
cause the last data sent have not been acknowl- 
edged yet. and the timer_stamp is updated with 
the current time which is successively T2 and T3. 
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When the current time is equal to T (at time T), 
the timer control block is removed from the TCB 
chain and is added in the chain of TCBs cor- 
responding to events will occur at time V = TV + 
T3, and the time__stamp is left unchanged Ts = 
T3. 

EFFICIENT START/STOP OPERATION 

When the sender issues a STOP operation, the 
timer control block is kept on the chain. This pro- 
vides an opportunity to support efficiently multiple 
START and STOP sequences as is illustrated in 
figure 4. 

Figure 4-B shows an example of STOP oper- 
ations followed by START operations between a 
sender (401) and a receiver (402) which are com- 
bined with RESTART operations. 

In response to the START operation received 
by the processor, the timer control program code 
starts a the supervision of the timer control block 
corresponding to the event at TO with a 
time_value (Tv) then the user sends a data (0) of a 
message. The time — flag and the time_stamp are 
updated respectively to CHAINED-RUNNING and 
to the current time, Ts = TO. The associated timer 
is added in the chain of TCB associated to events 
which are assumed to occur before the time T, 
where T = TO + Tv. At T1 , the user receives a 
complete acknowledgement (2) for the reception of 
the data (0) and the data (1), it sends a STOP 
operation and the flag_state is updated to STOP. 
Another message may be required to be sent out 
at T2 and the user has to send a START operation 
again, therefore, the fiag_state and the 
time__stamp are respectively updated to RUNNING 
and to the current time Ts ■ T2. 

At time T5, when the user receives a partial 
acknowledgement, then a RESTART operation is 
sent as it has been seen in the example of figure 3. 

When the current time is equal to T (at time T), 
the timer control block having the expiration time T 
is simply removed from the timer chain. 

In this example where partial and complete 
acknowledgements interleave, the sequences of 
START, STOP and RESTART operations at time 
T1 through T6, do not involve the manipulation of 
the timer control blocks because the time T has not 
been reached yet, (T = TO + Tv). This opportunity 
enables to gain performance as long as the 
START, STOP and RESTART operations occur al- 
most simultaneously. 

The present implementation enables to reduce 
the manipulation of the timer control blocks by 
delaying the effective deletion of the TCBs which 
remain chained to the timer chain until the 
time__out delay has elapsed. Again, this implies 
only one manipulation of the timer control block, 



comparing to one adding and removing the timer 
control block to/ from the timer chain at each 
START and STOP operation. 

Figure 5 shows the flow-chart of the initializa- 
5 tion operation of the timer control blocks. 

The current_time which is an integer to be 
incremented at each timer_jick along the process- 
ing is initially reset at step 501, so does the 
current_jndex in order to point to the first storing 
to location of the cyclic table, at step 502. A loop is 
entered to scan every location of the cyclic table to 
set the table(index) in each location to 0. The index 
which is also an integer varying from 0, at step 
503, to max__entry, at step 504, enables to classify 
75 the storing locations of the cyclic table. The 
max entry number corresponds to the size of the 
cyclic table which may be changed in order to 
enable to take into account the events whose 
time_out value are great. Each table(index) cor- 
20 responding to a storing location is set to 0 in order 
to indicate that there is no timer control block 
addressed by said storing location of the cyclic 
table, at step 505. Then the index is incremented 
by 1 , at step 506. 
25 A table(index) is set to 1 to indicate that a timer 

control block is chained, and the corresponding 
storing location will store the address of said timer 
control block in its memory. 

Figure 6 shows the flow-chart of the START 
30 operation of a timer control block. 

At step 601 it is tested if the flag-state is in the 
state of stop ( = 0) or running ( = 1). If the timer 
control block is not active (flag-state = 0). then the 
Hag-chain is tested to check if the TCB is chained 
35 to the cyclic table, at step 602. If it is not chained 
(flag-chain = 0), then the value of the index which 
represents the remainder of the division of 

(time out value + current index) by max entry is 

calculated at step 603. At step 604, the TCB is 
40 chained to the cyclic table at the position which 
corresponds to the calculated value of the index by 
a one-way link. The timer control block is therefore 
inserted at the head of the corresponding timer 
chain, at step 605. At step 606, the time_stamp of 
45 the timer control block is updated to the value of 
the current time, before the start operation ends. 

If at step 601, the flag-state is found running 
then the start operation ends. 

If at step 602, the timer control block is 
so chained (flag-chain = 1) and stopped as indicated 
by the test at step 601. the program will loop to 
step 606 to update the time__stamp to the value of 
the current time. 

A START operation on an already active timer 
55 is implemented as an implicit RESTART operation. 

The STOP operation consists only in setting 
the flag__state to STOP and the flag_chain to 
CHAINED. 
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The RESTART operation consists only in up- 
dating the time_stamp to the current time. 

Figure 7 shows the flowchart of the TIM- 
ER TICK operation performed at regular time in- 
terval (timer_Jick). 

At every timer_Jick. the current__time is incre- 
mented, at step 701, and the current_jndex is 
computed as the remainder of the division of (cur- 
rent index + 1) by max entry, at step 702. The 

system checks the timer control blocks which are 
chained to the cyclic table at the corresponding 
current_jndex. at step 703. 

At step 710, the first timer control block of the 
chain is pointed. If there is a timer control block 
which attached to the corresponding cur- 
rent_index, at step 720. the system checks if the 
timer control block is running or stop according to 
the state of the flag_state. If it is running, then at 
step 721, the remain_Jime is computed (as re- 
main_Jime = time_stamp + time__out value - 
current__time). 

If the remain_time is equal to zero, at step 
730, which means that the time_out delay cor- 
responding to the timer control block has elapsed. 
Then, at step 731, the flag__state is set to stop, 
and the flag-chain is also set to unchained, at step 
732. The system notifies the corresponding user 
that the time_put delay has elapsed so that he 
may take the appropriate recovery procedure, at 
step 733. 

If the remain_time is not equal to zero, at step 
730, which means that the event has not occurred 
yet, then the system computes the new index 
which has been modified by the value of the 

time stamp (index = the remainder of the division 

of (remain_Jime + current_jndex) by 
max_entry), at step 734. At step 735. the TCB is 
inserted at the head of the chain which corre- 
sponds to the number of the new index. The timer 
control block stores therefore the new values of the 
time__flag, time_ value, and time_stamp, at step 
736. 

If. at step 720, the flag_jstate of the present 
timer control block indicates that the TCB is stop- 
ped, then the system unchains the timer control 
block from the chain. 

Once the first timer control block is checked, 
after steps 733 or 736 or 722, then the system 
points to the next timer control block at step 740. 
The system loops back to step 710 and the pro- 
cessing starts once again if there are still timer 
control block on the same chain. 

Otherwise, at step 750, the system resets the 
whole chain of timers by cancelling all the timer 
control blocks of that chain. 

Then, the system waits until the next time_tick 
in order lo treat in the same way the timer control 
blocks as it is previously described. Meanwhile, all 



new events to which are associated timer control 
blocks are inserted at the head of the timer chain 
which corresponds to the index computed accord- 
ing to the time_value and the current_Jndex. 

5 

Claims 

1. A method of controlling a plurality of timers of 
different users (106), each timer being asso- 

w ciated to an event and to a timer control block 

(210) in a data processing system wherein a 
user issues a START operation of a timer 
when the occurrence time of the corresponding 
event is awaited within a time__out (Tv), a 

75 RESTART operation when the occurrence time 

of an event has to be delayed, and a STOP 
operation when the event has occurred, said 
method being characterized in that: 
each timer control block (210) is divided into at 

20 least a time_jlag field (Tf), a time_stamp field 

(Ts). a time_out value field (Tv) and an ad- 
dress field, and 

in that it comprises the steps of: 

• providing a cyclic means (202) having a 
as number N of storing locations which are 

sequentially addressed by an addressing 
means (200) at regular time intervals 
(timer_Jick), 

* in response to a START operation issued 
30 by a user (106) 

- computing, according to the current 
time and the time__out value of said 
event, an address of a storing location 
in said cyclic means (202), 

35 - inserting said timer control block (210- 

a) in a chain of timer control blocks 
(250) associated to events which ex- 
pire at the same time, said chain be- 
ing pointed by a control block address 

40 stored at the computed address in the 

cyclic means, 

- updating the flag__state field of the 
time_Jag (Tf) to the state of "RUN- 
NING" to indicate that the timer is 

45 active and the flag__chain field of the 

time_flag to the state of "CHAINED" 
if the timer control block is inserted 
for the first time in the chain, and if 
the timer control clock is already 

so chained then the flag_jtate is simply 

updated to the state of "RUNNING", 

- storing the time___out value (Tv) in the 
timer control block of the correspond- 
ing event, and 

55 - updating the time stamp (Ts) to the 

current time. 
■ in response to a STOP operation updat- 
ing the flag_ state in the time_flag field 
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of the associated timer control block to 
the state of "STOP". 
* at each regular time interval (timer_tick) f 
successively reading each timer control 
block (210) chained to the storing loca- s 
tion of the cyclic means (202), and 
checking the state of the time_Jlag field 
(Tf) and 

- unchaining the timer control block if 

its flag__state is STOP, '« 

- otherwise, computing the new 
time__out value (Tv) according to the 
current time, the time_stamp (Ts) 
and the last time__out (new time_out 

= time__out + time_stamp - current rs 
time) to control if the time_out delay 
has elapsed and inserting the timer 
control block to a new timer control 
block chain if the value of the new 
time__out is positive, or unchaining 20 
and stopping the timer control block if 
said new tirne_out is equal to 0 and 
notifying the user that the time__out 
delay has elapsed. 

25 

The method of claim 1 further comprising the 
step of: 

■ in response to a RESTART operation is- 
sued by a user when the occurrence of 
an event has to be delayed, updating the 30 
tirne_stamp of the associated timer con- 
trol block to the current time. 



The method of claims 1 or 2 wherein the timer 
control blocks are chained to each other by a 
one-way link (250). 



35 



A device for controlling a plurality of timers of 
different users (106), each timer being asso- 
ciated to an event and to a timer control block 40 
(210) in a data processing system wherein a 
user issues a START operation of a timer 
when the occurrence time of the corresponding 
event is awaited within a time__ out (Tv), a 
RESTART operation when the occurrence time 45 
of an event has to be delayed, and a STOP 
operation when the event has occurred, said 
device being characterized in that 
each timer control block (210) is divided into at 
least: 50 
- a time_Jlag (Tf) which includes a 
flag_state set to the state of "RUN- 
NING" at each START operation to in- 
dicate that the event is awaited or set to 
the state of "STOP" at each STOP op- ss 
eration to indicate that it has already 
occurred and a flag__chain to indicate if 
the timer control block is "CHAINED" or 



"UNCHAINED" to a timer chain (250), 

- a time_stamp field (Ts) which is set to 
the current time at each START opera- 
tion and updated to the current time at 
each RESTART operation to enable the 
event to be delayed, 

- a time_oui value field (Tv), and 

- an address field, 

and characterized that it comprises: 

- a cyclic means having a number N 

(max entry) of storing locations in order 

to classify the different timer control 
blocks of the corresponding events ac- 
cording to their time__out values and the 
current time, 

- an addressing means (200) which se- 
quentially addresses a storing location of 
said cyclic means at regular time inter- 
vals (timer_tick). and 

- a timer chain (250) pointed by said ad- 
dressing means (200) and comprising a 
plurality of timer control blocks associ- 
ated to events which should occur before 
the same time T, before said START, 
RESTART or STOP operations interrupt 
the timing of said events, said timer con- 
trol blocks being chained to each other 
by storing in the address field the ad- 
dress of the next timer control block or a 
special code to indicate the end of the 
chain, 

wherein at regular time interval (timer__tick), 
each time control block chained to the ad- 
dressed location of the cyclic means (202) is 
read: 

- to unchain the time control block if its 
flag_state is STOP. 

- otherwise, to compute the new time_out 
value (Tv) according to the current time, 
the time_stamp (Ts) and the last 

time_ out (new time out - time out + 

time — stamp - current time) to control if 
the time__out delay has elapsed and to 
insert the timer control block to a new 
timer chain if the value of the time__out 
is positive, or to unchain and stop the 
timer control block if said timer control 
block is equal to 0 and to notify the user 
that the time_out delay has elapsed. 

5. The device according to claim 4 wherein the 
timer control blocks (210) are chained to each 
other by a one-way link (250). 
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FIG - X Timer chain structure 
in the prior art 
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FIG * 3 Timer chain structure 
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FIG. 4 — j\. Example of a restart 
operation flow 
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FIG.- 4 — B 



401 



Example at STOP operations 
followed by START operations 
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ITI G - 5 INIT operation 



505 



501 



current time = 0 



502 



current index = 0 



503 



index = 0 



YES 



table [Index] = 0 




r 



506 



index=index+l 



END 



15 



EP 0 586 768 A1 



F X G - e START operation 



601 



flag_state =1 




NO 



YES 



flag_chain = 1 



% is the C 
language 
operator 
which gives 
the remainder 
of an integer 
division 



X 



603 



index = %( (time_value+cvirrent_index)/MAX_ENTRY) 



r 



604 



next= table [index. 



L 



605 



table [Index] = timer 
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S 
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timers tamp = current_time 



END 
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remain_time =timer_jstamp+time_value - 
current time 
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